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The Pacific Ocean Shelf Tracking
(POST) project was established as one of
the 17 projects of the decade-long Census
of Marine Life. Its initial purpose was to
improve our understanding of the distri-
bution and life history of salmon on the
continental shelf. POST was made possi-
ble by developments in acoustic technol-
ogy which resulted in miniaturization of
acoustic tags along with the creation of
passive acoustic receivers which can be
deployed in ‘listening curtains’ along the
seafloor. The development of receivers
with an acoustic modem has greatly
facilitated the practicality of deploying
marine lines, as data can now be uploaded
to ship remotely. The POST array, which
now spans over 3,000 km from California,
through British Columbia, to Alaska, is
composed of over 400 receivers in 10
ocean lines and strategic regions within
rivers. The POST array and the associated
database serve as a research tool for
answering critical questions on ecology
and marine resource management. Valu-
able data has been collected on salmonids
and other marine species, and the combi-
nation of POST technology with other
molecular and physiological tools is al-
ready revealing important clues in mortal-
ity and migration behaviours. POST has
created a proof-of-concept, continental-
scale marine tracking array and has served
as a valuable pilot project despite the fact
that it didn’t realize its full potential
envisioned at the beginning of the Census
of Marine Life. POST has however served
as a flagship model for developing large
scale arrays in other regions of the world
through the international Ocean Tracking
Network.
Background to POST and the
Census of Marine Life
The Pacific Ocean Shelf Tracking
(POST) project is one of 17 projects of
the decade-long Census of Marine Life
(CoML). The overall goal of the CoML
was to: ‘‘assess and explain the changing
diversity, distribution and abundance of marine
species, from the past to the present, and
project future marine life’’ [1] (authors’
italics). The POST project was established
to focus primarily on the present distribu-
tion of marine continental shelf species.
Research undertaken using the POST
array however is ongoing and dynamic
with researchers obtaining valuable infor-
mation on how the distribution of marine
(or diadromous) organisms changes over
the course of their life cycle [2]. POST
helps answer questions on why and how
aquatic organisms move in relation to
their changing environment. POST is a
resource available to any researcher to
explore the dynamics of the movement
and distribution of a continental shelf
species within the Northeast Pacific.
The papers in this special collection
represent work of independent investiga-
tors using the POST array to advance
marine science. These papers offer exam-
ples of a number of studies on a variety of
species in different environments. In all
cases the results have revealed things that
would have been difficult to obtain by
other means, yet results and conclusions
remain those of the investigators and not
the POST Project.
POST Technology
Traditional tagging involved attaching a
non-electronic tag to a fish or other marine
organism and could only provide a rela-
tively crude and inaccurate picture of
animal movement. In essence, older tech-
niques only provided information on the
release and capture points, with no infor-
mation on movement between these two
points. New electronic and computerized
tags have since been developed, which are
now providing us with a plethora of
information on marine animal movements.
Our ability to track the movements of
marine organisms continues to move for-
wardrapidlywiththe developmentofmany
differenttechnologies.Satellitetagsarenow
being deployed which can track megafauna
for vast distances across the oceans [3,4],
and archival tags also collectamazing detail
on animal movement particularly in rela-
tion to oceanography [5,6], but that detail
can only be obtained if the tag can be
retrieved. For larger marine organisms
which do not come to the surface, pop-up
satellite archival tags (PSAT) have been
developed which incorporate archival po-
sition data relayed to a base station via
satellite after the tag pops off the organism
at a set time [5,7,8].
Smaller passive integrated transponder
(PIT) tags [9,10] have the advantage of
being very tiny and not requiring batteries,
however, the disadvantage is that in order
to detect PIT tagged organisms they need
to pass very close to a reader or antenna.
This works well in areas where for
example fish need to negotiate around a
dam through a narrow passage, or a
bottleneck in a stream, but PIT tag
technology cannot be effectively used in
open ocean portions of the continental
shelf environment.
During the development of various
tracking technologies, there clearly was a
need to track continental shelf organisms
too small to carry satellite tags, which may
not be recaptured to obtain movement
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are not able to be detected within the
necessary proximity of PIT receivers.
Acoustic tag technology has filled this
important niche for tracking marine,
anadromous and even freshwater organ-
isms.
Acoustic tracking was facilitated by the
development of uniquely-coded tags
which provide a means to track individ-
uals over time. As the technology pro-
gressed these tags became small enough
to be implanted in animals the size of
salmon smolts (Figure 1). Each miniature
tag periodically broadcasts its unique
acoustic signal. In order for the organism
to be tracked, the code needs to be
detected by a passive receiver deployed
on the ocean floor or towed by a vessel.
Acoustic tags have been developed in a
variety of sizes (some examples shown in
Figure 1) and power output, enabling
considerable flexibility in use. There are
obvious tradeoffs between battery power,
tag power and life span. Studies on larger
organisms can take advantage of very
large tags with extended battery life, while
smaller organisms require much smaller,
less powerful tags with a shorter life span.
However, tag broadcast timing can be
adjusted to extend battery life and tags
can even be programmed to sleep and
turn on at a later date. Thus there is
considerable scope to customize tag
parameters to fit the constraints and
needs of a particular study.
The passive receiver is equipped with an
omnidirectional hydrophone that listens
and records the passing of any tagged
marine organism in its vicinity [11,12].
While the detection radius of the receiver
varies depending on conditions within the
water column and ambient noise, in the
open water the range can be on the order
of 100 m to 1000 m, depending on the
power of the transmitting tags (Figure 2).
In order to quantitatively track marine
organisms across a large distance using
acoustic technology, there was a need to
be able to create lines of receivers which
would record the time and date that an
organism crossed the line (Figure 3). This
was first successfully carried out with
Atlantic salmon smolts in eastern Canada,
where lines of receivers were used to
record smolt movements during their
migration [13]. This early study provided
the ‘proof-of-concept’ for producing a
larger scale array on the west coast of
North America, which grew into the
POST project.
The receivers used in the above-men-
tioned Atlantic Salmon study [13], and
the initial lines of the POST array, were
essentially data logging devices which
kept records of passing tagged organisms
in an onboard memory. Theses receivers
(Vemco VR2, Figure 4A) have a battery
life of approximately 15 months and have
to be retrieved from the seafloor in order
to download the data. Thus information
on fish passing an acoustic line could not
be obtained until after a period of time,
and with considerable effort and often
expense in retrieving the VR2 receivers
from the seafloor. The continental shelf
scale of the POST project required a
more efficient and cost effective way
of gathering data on a more regular
basis. This led to the development of
an acoustic receiver integrated with
an acoustic modem (Vemco VR3,
Figure 4B,C). This next generation unit
had a larger battery pack that could
potentially stay on the ocean bottom for
5–7 years and important data could be
uploaded periodically from the seafloor
directly to a vessel on the surface. These
newer units have worked very efficiently
within the POST array and have helped
to automate the process of data upload, as
well as greatly reducing costs by negating
the need to annually retrieve lines of
deepwater units from the ocean floor to
obtain data.
The Continental Array
The POST array spans over 3,000 km
along the Northeast Pacific coast and
includes more than 400 acoustic receivers.
There are 10 marine lines situated from
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Alaska in the north, to Point Reyes,
California in the south (Figure 5).
The broad expanse of the array can help
address questions on large-scale movement
and migration. However, integrating the
broad system with local arrays can provide
am u c hr i c h e rd a t as e to nm o v e m e n ta n d
mortality. The high performance of the
system in both fresh and marine water allows
use of the POST array, together with local or
regional arrays, in many of the large river
systems and their estuaries on the west coast
of North America, including the Fraser and
Skeena Rivers in Canada, and the Columbia
and Sacramento Rivers in the USA.
The original Census of Marine Life
vision for POST was a continental-scale
array stretching from the Baja Peninsula
to the Bering Sea. While POST has not
yet achieved this envisioned scale, it
continues to expand and its success and
usefulness have demonstrated a feasibility
that is applicable along continental shelves
around the world.
POST Data
POST is a powerful observing tool that
generates valuable data about coastal
organisms, contributing to greater under-
standing and improved management and
conservation of important marine resourc-
es. The value of POST has been demon-
strated by a variety of studies which already
have revealed important and sometimes
surprising results. However, the power of
POST is still largely untapped for many
species. The potential for the continental
array to be a significant tool for ongoing
science is immense and only limited by the
needs and imagination of the community of
scientific users. The future success of POST
is enhanced by the ability to follow marine
organism movement and migration pat-
terns in an otherwise opaque environment,
and to track these organisms between
freshwater and marine environments.
Thus, POST will continue to be critical to
salmonid and other marine ecologists who
have ongoing need to differentiate move-
ment and migration behaviour between
both abundant and endangered popula-
tions. The high detection efficiency of the
Figure 2. A schematic of how post works. Four POST receivers are shown anchored to the sea bottom and enclosed within the flotation collars.
Two tagged fish and a tagged squid are depicted being detected by the receivers while the ship is depicted uploading POST data from a receiver via
an acoustic modem. The grey lines represent the spheres of detection range of each receiver showing overlap in detection range between adjacent
receivers (hence the two receivers are simultaneously downloading data from a tagged fish that is situated in the region of detection range overlap).
doi:10.1371/journal.pone.0018999.g002
Figure 3. Diagrammatic representation of continental shelf POST listening lines. The lines of receivers run from the shoreline to the edge
of the continental shelf. Tagged fish swimming alongshore send out a unique acoustic code which is then detected by receivers which record the
time and date a fish passes the receiver.
doi:10.1371/journal.pone.0018999.g003
POST Project
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movement and even survival to be carried
out with relativelysmall sample sizes, which
will greatly reduce cost and pressure on
endangered stocks[14,15].Onestudyusing
the POST array [15] provided strong
corroborationthat survival of somejuvenile
salmon was actually higher in the freshwa-
ter sector of the migration than in the
ocean, even though the migrating smolts
had to negotiate around a number of dams.
This result challenged some of the conven-
tional wisdom of salmon ecology [16]. It is
expected that POST will continue to play a
cutting-edge role to help answer these
ecological and sometimes controversial
questions regarding marine ecology and
survival.
New applications for POST technology
continue to be developed (see POST
publication list http://www.postcoml.
org/page.php?section=community&page=
publications). However, the full potential of
the POST array has yet to be realized for
many species. To date 18 species have been
tracked including: green sturgeon, white
sturgeon, six-gill shark, seven-gill shark,
salmonshark,spinydogfish,lingcod,jumbo
squid, market squid, spotted ratfish, cut-
throat and steelhead trout, dolly varden,
blackrockfishandchum,coho,sockeyeand
chinook salmon. This work has been
carried out by over 45 researchers using
POST-generated data.
Studies focusing on simple movement
patterns have already revealed marked
international movement for green stur-
geon, [17] which are pointing to improved
international conservation and the value of
cross-border cooperative management of
fish stocks. These results revealed that
even relatively simple movement studies
can have profound ramifications. Howev-
er, POST also lends itself to more
sophisticated studies where data from
acoustic tracking can be used in concert
with other new techniques such as geno-
mic and physiological tools [18].
Figure 4. The development of acoustic receivers. (A) the VR2 acoustic receiver that is inexpensive but requires the retrieval from the seafloor to
download the data (B) the VR3 receiver enclosed in the flotation collar that keeps the receiver vertical in the water column and protects the receiver
from trawler damage (C) A close-up of the top of the VR3 receiver enclosed in the flotation collar with the black receiver on the left and the white
acoustic modem (for remote data upload) on the right.
doi:10.1371/journal.pone.0018999.g004
POST Project
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further demonstrate how POST can
continue to serve as an experimental
platform for testing theories through
integrated studies. It is expected that
POST will serve as an important moni-
toring and experimental tool for a suite of
species whose movement and migration
behaviour may be affected by changing
ocean conditions.
POST is not only an observational
array, but also incorporates an interna-
tional database. Thus in the future, while
it may be impossible to detect trends in
behavior from climate change or changing
ocean conditions in any single study, large
scale meta-analyses could reveal broader
patterns in changing behaviour. The
POST database will therefore help to
advance science through large-scale and
international data sharing and by linking
the global community through the Census
of Marine Life’s Ocean Biogeographic
Information System (OBIS) (www.iobis.
org).
Limitations of POST
Now that Census of Marine Life has
concluded it is useful to examine what
POST did and did not achieve. How close
did POST get to achieving its original goal
of an extensive array consisting of many
lines of receivers from Baja to Bering [19]?
While the current geographical spread of
receivers ranges from California to Alaska,
concentration of the receiver lines is minor
compared to the original vision. The
greatest concentration of lines was in the
Salish Sea region. To achieve its full
potential requires considerable funding
on an international scale. This was not
achieved during the decade-long Census,
and the cost to get to the end result of the
original vision would be substantial. The
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ship time for deployment and data upload
also required considerable investment.
The lack of a greater concentration of
lines has limited our ability to better
interpret movement and migration pat-
terns in high resolution, and many ques-
tions remain on where exactly mortality
takes place.
The cost for the tags has also limited the
number of individual fish that could be
tagged, as researchers’ budgets are limited.
While tag size has decreased over the
decade of the Census, physical tag size
continues to limit the size of fish that can
be studied.
However, despite the limitations, POST
provided a proof-of-concept and the
development of necessary protocols, which
has greatly advanced acoustic research.
Fish can now have tags surgically implant-
ed with extremely low mortality. Informa-
tion on movement, migration and mortal-
ity has been collected that would be
difficult or impossible to collect by any
other means.
The Future and the
Globalization of POST
As technology advances, the equipment
for acoustic telemetry continues to become
more miniaturized, cheaper and more
powerful. The future of POST not only
lies in enhanced studies and collaborations
in the Northeast Pacific, but can serve as a
model for similar projects around the
world. The Ocean Tracking Network has
used POST as a flagship program to
extend the POST concept globally
(Figure 6) and to ultimately incorporate
global arrays into the UN Intergovern-
mental Oceanographic Commission’s
Global Ocean Observing System (GOOS)
[12]. The future vision of POST is an
expanded array from Bering to Baja with
considerably more infill of listening lines,
so it is possible to better compartmentalize
the continental shelf and pinpoint both
congregation hotspots and areas of mor-
tality. Globalization through OTN will
also help to drive the technology forward
so acoustic tags might ultimately be
combined with archival tags, and new
generation ‘business card’ tags that will
communicate with each other. These new
tags could in turn download their data sets
to new generation receivers in the future
POST array.
Conclusion
The papers presented in this special
POST collection give examples of how
new technology is providing valuable
information for resource and ecology
management. These publications also
provide inspiration for future studies on
topics such as the relationship of animal
behavior to changing ocean conditions.
The information that POST can provide
was not obtainable even a decade ago.
Figure 6. The proposed extent of POST-like arrays currently and proposed to be deployed by the Ocean Tracking Network around
the world. The proposed deployments will occur in three phases or waves.
doi:10.1371/journal.pone.0018999.g006
POST Project
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expansion of tagging studies will continue
to drive the research forward. Given the
surprises that have already surfaced from
research using POST, it is expected that
ongoing and future studies will reveal
even more startling and highly relevant
data.
Acknowledgments
The POST project would not have been
possible without the initial vision, enthusiasm
and support of the Census of Marine Life, the
Gordon and Betty Moore Foundation and the
Vancouver Aquarium Marine Science Centre.
POST also is grateful for the many supporters
and collaborators who have joined to make this
a truly successful international project. This
publication is a contribution to the Census of
Marine Life.
Author Contributions
Conceived and designed the experiments: GJ.
Performed the experiments: GJ. Analyzed the
data: GJ. Contributed reagents/materials/anal-
ysis tools: GJ. Wrote the paper: GJ.
References
1. Yarincik K, O’Dor R (2005) The census of
marine life: goals, scope and strategy. . Scientia
Marina 69((suppl 1)): 201–208.
2. Payne JC, Andrews KS, Chittenden CM,
Crossin GT, Goetz FA, et al. (2010) Tracking
Fish Movements and Survival on the Northeast
Pacific Shelf. In: McIntyre AD, ed. Life in the
World’s Oceans: Distribution, Diversity and
Abundance. Oxford: Blackwell Publishing Ltd,
In press.
3. Bonfil R, Meyer M, Scholl MC, Johnson R,
O’Brien S, Oosthuizen H, Swanson S, Kotze D,
Paterson M (2005) Transoceanic migration,
spatial dynamics, and population linkages of
white sharks. Science 310: 100–103.
4. Weng KC, Castilho PC, Morrissette JM, Land-
eira-Fernandez AM, Holts DB, Schallert RJ,
Goldman KJ, Block BA (2005) Satelllite tagging
and cardiac physiology reveal niche expansion in
salmon sharks. Science 310: 104–106.
5. Block BA, Teo SLH, Walli A, Bouustany A,
S t o k e s b u r yM J W ,F a r w e l lC J ,W e n gK C ,
Dewar H, Williams TD (2005) Electronic tagging
and population structure of Atlantic bluefin tuna.
Nature 434: 1121–1127.
6. Schaefer KM, Fuller DW, Block BA (2007)
Movements, behavior, and habitat utilization of
yellowfin tuna (Thunnus albacares) in the northeast-
ern Pacific Ocean, ascertained through archival
tag data. Marine Biology 152: 503–525.
7. Block BA, Costa DP, Boehlert GW, Kochevar RE
(2003) Revealing pelagic habitat use: the tagging
of Pacific pelagics program. Oceanol Acta 25:
255–266.
8. Costa DP, Block BE, Bograd S, Fedak MA,
Gunn J (2010) TOPP as a marine life observatory:
using electronic tags to monitor the movements,
behavior and habitats of marine vertebrates. In
Proceedings of OceanObs’09: Sustained Ocean
Observations and Information for Society (Vol.1).
Venice, Italy, Hall J, Harrison DE, Stammer D,
eds. pp 21–25 September 2009. ESA Publication
WPP-306.
9. Chittenden CM, Sura S, Butterworth KG,
Cubitt KF, Plantalech Manel-la N, Balfry S,
ØKland F, McKinley RS (2008) Riverine,
estuarine and marine migratory behaviour and
physiology of wild and hatchery-reared coho
salmon Oncorhynchus kisutch (Walbaum) smolts
descending the Campbell River. J Fish Biol. BC,
Canada, 72: 614–628.
10. Keefer ML, Caudill CC, Peery CA, Boggs CT
(2008) Non-direct homing behaviours by adult
Chinook salmon in a large, multi-stock river
system. J Fish Biol 72: 27–44.
11. Voegeli FA, Lacroix GL, Anderson JM (1998)
Development of miniature pingers for tracking
Atlantic salmon smolts at sea. Hydrobiologia 371-
372: 35–46.
12. Voegeli FA, Smale MJ, Webber DM Andrade Y,
O’Dor RK 2001 Ultrasonic telemetry, tracking
and automated monitoring technology for sharks.
Env Biol Fish: 60: 267–281.
13. Lacroix GL, McCurdy P (1996) Migratory
behavior of post-smolt Atlantic salmon during
initial stages of seaward migration. J Fish Biol 49:
1086–1101.
14. WelchDW,MelnychukMC,RechiskyE,PorterAD,
Jacobs MC, Ladouceur A, McKinley RS,
Jackson GD (2009) Freshwater and marine
migration and survival of endangered Cultus Lake
sockeye salmon (Oncorhynchus nerka) smolts using
POST, a large-scale acoustic telemetry array.
CanadianJournal of Fisheries and Aquatic Science
66: 736–750.
15. Welch DW, Rechisky EL, Melnychuk MC,
Porter AD, Walters CJ, et al. (2008) Survival of
Migrating Salmon Smolts in Large Rivers With
and Without Dams. PLoS Biology 6(10): e265.
16. Greene CH, Block BA, Welch DW, Jackson G,
Lawson GL, et al. (2009) Advances in Conserva-
tion Oceanography: New Tagging and Tracking
Technologies and their Potential for Transform-
ing the Science Underlying Fisheries Manage-
ment. Oceanography 22: 210–2.
17. Lindley ST, Moser ML, Erickson DL, Belchik M,
Welch DW, Rechisky EL, Kelly JT, Heublein J,
Klimley AP (2008) Marine Migration of North
American Green Sturgeon. Trans Am Fish Soc
137: 182–194.
18. Cooke SJ, Hinch SG, Farrell AP, Patterson DA,
Miller-Saunders K, Welch DW, Donaldson MR,
Hanson KC, Crossin GT, Mathes MT, Lotto AG,
HruskaKA, Olsson IC, Wagner GN, Thomson R,
Hourston R, English KK, Larsson S,
Shrimpton JM, Van der Kraak G (2008)
Developing a mechanistic understanding of fish
migrations by linking telemetry with physiology,
behavior, genomics and experimental biology: an
interdisciplinary case study on adult Fraser River
sockeye salmon. Fisheries 33: 321–338.
19. Welch DW, Boehlert GW, Ward BR (2003)
POST-the Pacific Ocean salmon tracking project.
Oceanologica Acta 25(5): 243–253.
20. Dor R, Dagorn L, Holland K, Jonsen I, Payne J,
Sauer W, Semmens J, Stokesbury M, Smith P,
Whoriskey F (2010) The Ocean Tracking Net-
work. In Proceedings of OceanObs’09: Sustained
Ocean Observations and Information for Society
(Vol.1). Venice, Italy, September 2009 Hall J,
Harrison DE, Stammer D, eds. ESA Publication
WPP-306. pp 21–25.
POST Project
PLoS ONE | www.plosone.org 7 April 2011 | Volume 6 | Issue 4 | e18999